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HISTORICAL BACKGROUND 
The purpose of this research was the practical 
synthesis of a fluorinated acetyl,choline. The normal 
structure of that neuro-humour is acetoxyethyltrimethylammonium 
hydroxide I. 
@qH3 g 
CH3-~-CH2CH2-o-9cH3 
~H3 g OH 
I 
A possible fluorinated structure would involve replacement 
of a methyl group with 'a trifluoromethyl group, leading to 
acetoxyethyldimethyltrifluoromethylammonium hydroxide II. 
II 
The aiIIL.,,of this project can be mor~ easily understood 
in light of its physiological background. What is most 
relevant is the method of propagation which the nervous 
system employs in transmitting nerve impulses along its 
anatomic pathways. This has been studied-on the most 
elementary levels and has been reduced to the principles 
of concentration gradient and membrane permeability. The 
actual propagation may be likened to the progress of a 
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single pulse wave along a spring. In the neuron, however, 
the progress of the impulse is marked by an inversion 1n the 
polarity of the membrane potential. 
If the neuron is construed in this model as a long 
hollow tube, then a horizontal view of its ion concentrations 
and standing polarity would appear in section like this. 
~ NaW . Na~ Na~ Na Nf Na~ Na<D K(i) Na'& Na<Jt 
+t•~++~~~·~~·~t•++•~•t++~~~+~~r~~ 
--------------------------------- 
The sodium ions are 11pumped11 out by.1an .active transport 
system, the details of which are complicated, not completely 
understood, and not essential to the argument. The exclusion 
of the sodium ions from the neuron creates a potential 
gradient which results in the influx of potassium ion • 
..) 
Consequently (although the precise reasons are as yet 
unprouen) a potential is set up through the membrane with the 
outside positive to the inside. The possible reasons for this 
are the relative charge densities of the ions(ie Na more 
dense than K) and the fact that the "sodium pump" is more 
efficient than the potassium graQient so that at a given 
instant in time there is actually slightly more cation 
outside than inside. 
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When the neuron is stimulated, the 11sodium pump" 
c eaaea to function and sodium ion quickly diffuses into 
the neuron. The effect of this is to eliminate .. .t ne membrane 
potential. The potassium ion then then follows its diffusion 
gradient out of the neuron, reversing the polarity of the 
original potential. Recovery to the original conditions is 
almost instantaneous with the impulse (which is called an 
action potential) progressing along the neuron into the 
adjacent section like a propagated wave. 
The action potential proceeds along the neuron until 
it reaches an anatomical gap called a synapse(as diagrammed 
below). 
l' 
In the near ~nd~of the synapse, small packets of neuro-humour 
are synthesized and stored. Though this research is concerned 
solely with the neuro-humour acetyl choline, there are others 
such as 5-hydroxy tryptamine and nor-epinephrine. The action 
potential acts on the packets of neuro-humour the release of 
the neuro-humour into the fluid of the synapse. This proportionally 
raise the the concentration of the neuro-humour in the synapse. 
At a certain minimum concentration, called the threshold, the 
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the other side of the synapse (which is termed the end- 
plate) is affected by the neurohumour. The end-plate 
can be a muscle (in which case the neuro-humour would 
effect its physical rate of contraction) or another neuron 
(in which case the effect would be an action potential 
produced like the one which caused the release of the neuro- 
humour). The specific action of a neuro-humour on an end~ 
plate is a property of the end-plate (e.g. acetyl choline 
inhibits the rate of contraction in the human heart but 
excites the rate of contraction in the cray-fish hindgut). 
Synaptic transmission obeys the 11all or none principle11 
which is to say that either the concentration reaches the 
threshold or it does not. An action potential can raise 
the concentration to a livel still below threshold ana no 
effect is produced, but another stimulus following it can 
raise the concentration over the threshold by further release 
of neuro-humour~ Also in the synaptic medium is the 
enzyme which catalyzes the decomposition of the neuro- 
humour. This means that the tendency in the synzpse is 
always to reduce the concentration and if one impulse is 
going to facilitate the crossing of another,· they must be 
very close together. If the concentration by frequent re- 
lease of neuro-humour is maintained for a period above 
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threshold, the magnitude of the effect in the end-plate 
is no differenct than one impulse raising the concentration 
to just above threshold. The difference is in the number 
of transmissions per unit time. 
How the neuro-humour produces its effect in the end- 
plate has been a matter of wide speculation. However, there 
are certain facets of the process which have been explained 
with a reasonable degree of certainty. One such facet 
is the manner by which the neuro-humour relates to the surface 
of the end-plate. This is also the basic tenet of this re- 
search. It is supposed that the acetyl choline molecules 
line up in pairs on the end-plate membrane as diagrammed below. 
Experiments have been conducted in which ethyl groups were 
substituted for methyl groups on the quartenary ammonium 
part of the molecule. The threshold was much higher for 
this compound than for the common acetyl choline. This is 
one piece of evidence which would seem to indicate that the 
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choline 11head11 fits into indentations on the end-plate. 
It follows then, that the smaller the 11head11 the more 
easily the molecules will fit into an end-plate site. 
Another important hypothesis is that the positive charge on 
the nitrogen and the delta minus on the oxygen correspond 
to charges on the end-plate. The point then is that if 
flourines are substituted on the choline head, the charge 
on the nitrogen will be significantly more positive. 
This will result in a greater attractive force between the 
choline head and the minus charge on the end-plate. Since 
flourine atoms are small, their presence on the choline 
will not increase its size enough to mask the effect of the 
increased charge. 
This experiment could also test another hypothesis. 
If the groups on the choline are larger than in natural 
acetyl .choline, and they increase the charge on the nitrogen; 
then it is possible that they would stretch the indenta- 
.J 
tions in the end-plate. This would make the end-plate 
more sensitive to acetyl choline. This theory and the others 
could be tested and a new ap_proach to the study of end- 
plate sensitivity intitiated, if the synthesis of a flour- 
inated choline can be achieved. 
Original plan of S · . ynthesis 
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A. Trifluoro Acetamide Laboratory Preparation 
The first step in this initial approach was the pre- 
paration of trifluoro acetamide. This was to be accomplished 
in two steps. First was the conversion of trifluoroacetic 
acid to its acid chloride by reaction with thionyl chloride: 
0 CF3C-OH 
followed by amination: 
The first method was the reaction of the acid chloride 
with aqueous ammonia. The solubility of amides in water 
was ~nticipated as an obstacle to separation and purifica- 
tion of the product in this preparation. Reaction of the 
acid with thionyl chloride by reflusing for one half-hour 
.J was accomplished without difficulty. 
Reactants Weight Density Moles Volume 
trifluoro 10 g. l.5 • l 6.7 ml • acetic acid 
thionyl 11 g. 1.7 .l 6.5 ml. chloride 
The product was divided in two equal parts and one half 
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reacted with an equimolar volume of aqueous ammonia. The 
crude product of this reaction was then allowed to stand 
in an open container within the refrigerator for four days, 
at which time a crystalline structure separated out. Fur- 
ther purification of these crystals was complicated by 
their solubility; they were so soluble in wat$r at room 
temperature that the crystalline product and redissolve as 
it was warmed. A suction flask and trap were prepared with 
an extended hose to carry out the filtration in the re- 
frigerator. The separated crystals had a melting point 
in the vicinity of 340° and wer-e probably ammonium chloride. 
The mother liquor stood in the refrigerator for another 
four days and more crystals were separated. A sample was 
extracted with ethanol and evaporated. The residue melted 
at 150°c. No further attempt was made to identify this 
material. An attempt was made to extract the yield with 
benzene but this proved impractical. 
The otherJhalf of the original acid chloride was 
treated with gaseous ammonia for fifteen minutes. A white 
product settled out of the reaction mixture almost instan- 
taneously. Extraction of the product was attempted with 
, ethanol because of the solubilities (1). 
Acetam1de 65.0 g./ 100 g. solution . 
0.52 g./ 100 g. solution 
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The ethanol turned a dark yellow with the first extraction 
and succeedingly lighter shades of yellow with later ex- 
tractions as smaller amounts of amide were retrieved. The 
samples wer-e centrifuged to r-emova traces of ammonium chlor- 
ide and a minute portion was eva~orated to remove the ethanol. 
The crystals melted at 6o0c fairly sharply. This agrees 
with the value obtained later of 45 - 50°0. Another attempt 
was made to extrqct with ethanol and then salt out the pro- 
duct, but this proved unworkable. A fresh sample of acid 
chloride was precipitated and treated with dry ammonia. The 
first ethanol extraction yielded 0.123 g. of product with a 
melting point of 150-165°0. 
The preparation of the amide was then approached 
differently. Trifluoroacetic acid was reacted directly 
with dry ammonia to produce the ammonium trifluoroacetate. 
Then water was distilled off (as a constant boiling azeo- 
trope.with acid) until the amide itself came over. Since 
.J the product was quite high boiling no condenser was necessary. 
The crystals at the top of the reciever melted at 45°0, 
sharply. The product lower down in the reciever melted 
in the 55-60°0 range. This may be explicable in that the 
amide fraction of the distillant was the least volatile and 
thus condensed in its purest form at the top of the recieving 
vessel. In a second run of this reaction, fractions were 
-11- 
collected in separated receivers, with the last receiver 
cooled by an ice bath. The apparatus for the reaction was 
no complex. The trifluoroacetic acid was poured into a 
ground-glass flask and a delivery tube from a cylinder 
of ammonia was placed at the bottom of the flask. A thick 
cloud formed over the reacting mixture which dispersed 
towards the completion of the reaction (10-15 minutes}. 
Reactants Volume Moles 
tr1fluoro- 
acetic aciid 
30 cc. 
ammonia excess 
Receivers Approximate Volume B.P?O 
1) 5 ml. 104 
2) 5 ml. 140 
3) solid amide product 135-170 
.J 
Yield 12.35 g. 
The last fraction was assayed quantitatively and spectrally 
(IR) 
Results: 
. ' . · .. ·' ~ •. .-.:. ' ' 
\ 
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Assay 
(1) ( 2) run in sealed tube for 
accuracy. Assay Calculated Assay 
N 9.60% 12.38% 10.95% 
c 15.42% 21.25% 19.43% 
H 2.52% 1.78% 3.00% 
other z2.46% 64.59% 66.62% 
. 100% 100% 100% 
Assayers Note 
Extreme volatility due either to the material itself 
or the residue NH3 will cause a severe change in wt. 
Since the weight 1a so important in this assay, the 
results may not be valid. 
calculated for purity of 88.5% trifluoroacetamide 
and 11.5% water 
N. 10.95% 
. -- -- 2.85% 
Compares well with second 
assay indicating purity to 
be about 88.5% 
c: 
H 
18.80% 
1.53 1.28 
57.2 10.2 
.J 
F 
.~·. 
. . N· 
•' 
o ·:o.o• 
l.() '-0 '" . ", ' .. 0 ~- . 0 ("') 0 ·o ....... . ...-., : 
i i\ 
(111-t-t-+-++-1-+-H-+-+-++-++-++t-H-++++-l+l-H-l---+-l-'~~~~~!d-l--+-l--l--W-l-W--W+l+.!+-~~--WLU.lJ_J - 
- ... 
- -H-+++-t+++w--W-+-W+~·~-=Fl:f:j~:j:j:::j::t=!:=!=t=H:+UU-!+W-W-Wµ.j_j_U_-LJJJJ_lLJ 
i- ... 
-~l"-:-t--+-+-+-t-t-++-+-l-+-f-1--+4-l-+-1--1-+-l-++-l-++~"-bdLJ.-1---l--+-J.-+-+-1--+-t-H-W+l-W-++w+-~~-l--J.;:.LLLJ _ _J -ttti-+t+ITTtl+H-tttttttttttt+ttt+B~ ... MttH+~~±HiM -i---1:-1--t-+-+-+-+--!-1-+-+-+-l--+-++-l-++-l--l-1-l--l-+-H-H-l--l-+.:.+-~-+-.:.1--jf-++-4-l-W-!..i.L.W.W..UlL-J-::~~~~"~~H+--I 
---i--r-r!-+-1--+-+-+-+-+-H--++-+-l-+-f--l.-:.H-l--HH-+-l-+-++--+-1-+-+-++...J-..1.-l-l-l-l-l-+-+-H-l-W:+U.W.:....:-l---l-LL~'~ 
----i--r-rl·-t-t-t-t-t-+-H--+-t-t-H-H-~H-H-+++-H+t-+-t-+-H-+-H-H-1-H+t-f++l-l+f+l+--"+~~~~p+~-..J 
-1--t-+-+-+-~~~-+-~i-+-t-+-11-++-l-++-l-l-H-++++++~-c+-+.+--l-~.+-+J.~-+.1..J=:~~ft:i:!:l:::::t::'.:l~-~~::.J_.jjj__J 
~~-r--t--t--+-+-+-1-t-+-+-+-1--+-+-+4-++-l-l-+-l-+-l-l-il-l-l-l-l~l-,-l-+-l---+-+--l-l--~l~l~~~i:+~~~dd-l-U.J-W.l-:_j__j__j_j_Jjj__J 
-,.._i-r-t-1-t-+-+--+-+-1-t-+-+-t--+-+-+-+-+-t++-1-+-1-+++++ ....... -+-,._~· ~,_~~~..+.+-J..:.+-+-1-+++~++++1-+++1+~+---+-+--1-H+..::-I 
._,_r-t---1-+-+-+-~+-l--+-b-1-+.-l--l--l-ll-l--1--1-l-+-l--l-l~-t-1-l--l-+-+<!c=~...,~1.~-++-+:-+-1-11-l-l-+l-+l--1-1-1-1-t++j---l---l--l-+-1-+l-~I ._,_ I· ,_~- .... _ ........ ·~t-t-:+-+-+-+-!1-+-++-H-H--l-H-ii-l--l-H--1-l-W-+-l--l--l--1'-1---l--1--l-l-+j:::p:~..J-+-i~i-1-++.J..+l-_;_,+--i-W-w+--l 
"-.--. lit rt--t-t-t--+-t-++-1--l-l-l-++-1-1--1-1--1-l-H-l-H--1+1-l--t--+---+"'-1-1-++-l-++-61-+-1-l+t+J-ji+ttl+--1--+-l--l-l-.\-l--l 
~t---11-t-+-+-+-....:-~1-+-l-+-J-1.-l--l-+-l-.!-+-l-l-l-+-l--l-l+..J.+-+-+-+:.-jl-+-l--l-l-++~l'~·-l-~µ...j-1-!-U.J..\-l----l~l-+-l-.i+l--l 
._,.._~--r--t-t--t-+--f-l--+-f--l-+-1-l--l-!-l--l-l-l--1--1-l-l-l-4-l--l-l-+-+-~h+-+-+-l-++-1-+' ~~-1"+o~++-H++Hh--~-+-++-++1-,,:._I ~ 
~.--.r-r-r-+-+-+-+--+-+-1f-+-+-+--i-1--.:+-l-+-+-1-+--l-++-1-l--'l-l-l-l--f....+--l-¥-l-+-+-+-+.+-l--l-+++++-+.;l-l++:h~..j.,~...j--!-++J---I 1-,.._ I ... ~loo~ 
1-r-t-+-+-l-.+-:+-+-i-+-J.!.++-1-4-l-+-W-l-+-+-l-l-l--l-l-l-l-·~~-1-+"-H-+:-l-+++HH-l-H+++++t-tt-+-1-+-++llLI\~ 
~r-.J.l-ri-++++++-+-+-+-l-l--+-l--l-l-l-l-+...i.-l-+-l+-1-1-1..jf-l-+-.+--l-l-l-l--+-l--i--l-++++++1-+W++h-,.+--iH-+-U+-~a 
i-, __ r-t-l~-l--+-+--l-+--l-+-l-~-+-i-Jl-+-l--1- t 
~--,--i--t-+-+-t-if-+-l--l-~-+-l-+-+-l-+-+-l-~+-1--1-l-l-l-t-1'--1--+-+-l-+-+-+-l-+-+-+-l-l-++++µ.++.l-l..!-J...~l--~'-4-..W.~~~~ Ii' 
~ 1·--~ -•-+-+--+-+- il-+-+-+-1-4 -1-+--H-1-+-+-l-l-l-l-l-+-+4-t---1 -t-- ~Ii'+-"+· H-+-1-!-11-+-IH-++l-+-H+l---J·__je-J.-l-Ul-1 
"r-~ I ~ -r-r-+-1-+-t-~1-+-+-~-h-l-t-+-+-1-.J.~~-t-+-++++:-t-+-.P-+-t-+-+-l-H-++++!++++J+!-!-4--l--l---l-l-+-1.+--~ 
- ,.__ ~--,--+--·+--t-.L-t-1.-1- ··-+--f-4-+--+-l-+-+-+-I - ~ ~ ·-l-l·-1-1-H- 1--1_,-~··1~--r--1- --1-+--t-f-f-+-++-+-H+++t-H-l-1+--.+--l -+.+-I-'·•-~ 
11 
~r-- ~~ li-+-!-+-+-1--l-+-4-l-l-+-4-+-+-l-+-l-W-l-l-4-l-++-l-+++11--l--Hl-l-++-J..:.J--l-++-l-4-l-1-~-W+l-l--l-~-l-+W-il 
---:"-11 ~ ·-t-~-~-·-'-~r- -~----·--~- 8 
<::) .__, _ _.....l.-!.-~..l..0.1.....!....i_.:._JU-!...1....l...Wo:...l_\....w..J,...l...W..6~~:!=..!...o.l.....!...J...J....i.o...l....i-u..uol..U../..o.U..U.WJ-.,J_,_lol...J,..J,.,l..J.l.-.,!ID o 
c:) """-: N . M ~ f.(') '-0 t'-... .-- ' ) N 
3)NVSCJOSSV 
0 
0 
0 ...... 
;, .. ·~ 
o·· 
0 N . 
. >- . u· "z . 
w 
::i 
0 ~ 
0';~ 
~ ...... 
0
0 -o .--. 
0 
0 
CX) 
~· t '• - .. 
)',, 
. , 
~ u 
~ ::. 
c 
u c 
a::: 
0 
1- <C . 
a::: w w .. l- 
a.. <( 0 C) 
c 
u 
u 
o· 
w w a.. 
V) 
z 
<( 1- u ·:::; 
. (.{') V) 
:0 
.'Z 
::c 
I- 
<( 
a.. 
w u z w 
a::: w 
LL. 
w 
a::: 
w 
> a::: 
::i 
u 
0 z 
0 u 
....J _, 
w u 
UJ 
-' a.. 
:E 
<( 
V) 
1- z w 
> _,
0 
V) 
z 
C) 
a::: 
0 
0 0 N 
0 
("') 
0 --- I l I I 
.J I I 
- !' I I I . I J -r 
- - 
I.· 
fl f It 1,, ! 
' l ! 
I 
f. r -.-- - -- - __ ;.... ·- 
I- -·  . 
i I I I - - 
'r'• 
- 
I 
.I 
·.1 
--1-1-- ,._-~-I-· 
! 
r 
: I_ 
- -t- - __ ; 
,.:......1--.-· . .'.-. _..._._'_ ' 
I· .. ~ ~-1-- • :....1--.f-,.- 
i r 
I 
-1-. - - -..;_ --- __ ·:..: _ _:_ _  - - :.....__ -·. ,, ~·- ~ 
-'·.~ 
.. · 
-!--+- 
--·+-~ 
~. - ~1--+--t-+-·+-- - --- ~-f-_-· - f.-- - 
.,: ·- - :.:.. :,. ,..;...-_ 
.._ ~ _ _.__ 
~ I) ·- -~<-- 
\, .. 
-L-...;.....-._.~-~ 
( 
--1-- 
::._. r- I-· - 
-~.:_I ___ 
~--- ---,-·:--.-·.-------~-- -· ...... --.--"..:"""" 1......... --;""~---!-.--·--;-- ----- - 
.. .,__ 
1. - r-.:.. ... _'-- 
-:--- -·- - --:-1--· 
~r--i---t--+-l-'--l-'--1'--1-.-J·-+-+-+-+-+-+-+-+-ll-f-++-+--++-f-+-+-l-+--+-+-t-t-t-+-+-+-+-+--++-l-+++-H-H-+++---cll-4--+-1--4-i-l---l ,..,;" 
--- ~·-· - ........... -- .. :.~-- 
- 1-- 
-·~ ·- 
... - ........... ......;_ __ __ , 
..... --~ ':!:_i. --~-- 
·-'~-- 
I,· 
-- -- 
·- 
----~ 
--- --~·-I·- 
,___ - 
--:-;--l- -· 
- _L--. - 
,_ 1--· 
' .. . , 
_,__. 
--- _J, -· - - · - 
·· ", · Q, ...... 
' ~ . ~ 0 ~ . 
:· ·.· 3)N'v'9~0SS'v' 
·~' . 
0 
I.() 
0 
r-, 0 .: x .. , ; ,. 
0 
N 
,,,,.,_ 0 -o 
8 
0 
0 
0 
N 
o. o· ... 
l() .. ~ 
N v 
0 
0 
8~ 
D 
:0 
w 
w 
a.. 
Vl 
z -c v 
Vl 
0 z 
w 
> 
0:: 
::) 
v 
-·-· .L,' -~--.-'...~ --·-----L...__~ 
• , I' , 
. '"'-. ~ . .:.. - ~ 
'---r-r-t-:-+:-t-t-i-+:-+--+-+-f-+-J-:,+-l-1-+-ll-+~4-J..+++++--+--+.:.+-++-+-l'-+-+-1-++t-Hl-H:.i-!-++l-l++-l-+--+,i;!~~l-l+--l 
;;"" ""': 
"": -- "'-·t--· --~ . - ~, •.··I-~· ,' -, - .. - - ~:..:......_. -1--1- i--,;.__ - ·1..WI,..~ .. 
,__1:'1-:t-:+--+--+--··~·~·1--jl--jf-...1....o..j...,-J--J...~·-+ .. -J...-1-.J--l-l--1- .. l-+--l-+-J.-l-µ..,..+--1--1-.+--1--1-+-+-1-l--+--hl..jl+'~~·++~-+t++.J...1..l--+~l-+-l-+..J-l-~~ ,)J 
-~ -~---1---- -- - - ~-. ·- - 
,, ' 
,__l:-t-t-+-+-+-+-+-J-k-4.:..J..-J...-1-+-l--l--J...+-1-1--1-~+-l-lH-+-1---l.::...j..:.....jc_j--l-1--J...-1--hl-l--l--Jh-l-+-l-..J-l-..J-l-.J...l..1-).j._-l-_~-+-J....U.j__-! 
.. . .- , 
t-- -:-:-· - '--;-:-!--·"- h-- ·. --~· - .• 
- - -- L...'....- - -- -·-1-~-t- - ,_ L.. 
. . . ~ -·'- .:.. ... --· -.:. _ _.;_ - - - 
_L .. ...i. ..; :!.... - 1- -- !"""" - 
w 
I- 
<{ 
Cl 
I 
. 1- -c c, 
w 
u z 
w 
0:: 
LU 
u, 
w 
0:: 
u z 
0 v 
-' _, 
LU v 
z 
l'.) 
ii: 
0 
0 z 
l- a:: 
< a.. 
·/-1 __ J_ _,;_·,_ 
'. - . - 
.;... 1--· ., 
- i-. ·--.-L.... 1..---- -- _:,_ 
[;, ,.i -~ 
-1- -:- .... ..:.~. .r: 
-;- . 
·r---+-- ~~ - . 
~ l.-'· -·r.- -· 1- - :_ - 
..... ··~ 
·-1- . . 1-- . 
·-. -~· ' ... ~ 1 ..... ._:.. 
·-~·---"-;"·I-·· 
·--:-.:. ,•' ~H:-++++-+4-+4-H++++t++-++t-J..+++J.+..:+-k-l~l-+-1f-++~+H+·l+l-H-W-l-W+-:....+-~~j-U.LLJ 
--. 
+·-- - ~1-· 
-- .. , __ r __ tt-1H-t+f-,l-+++++++++1+H++-++_++. ~.I :~· r+:- ...+++++-~H-++++++t++++J..J.l-j.::...W-1-!-W...,..-J 
- --"- ,__ .,. i - --l--- ~- -·· - .... : .. ,.: · --· ·-;--·:... t-:' - -~+;:- - --l- - . ....,-"-- 
I
. ' 
·-~ -!.t-- ; , ..... - _J.-. -·· _. - . . r-- . 
~; • ...,.... !-'.-i. ~---l-- 
-- .:. ..... _ 
ii-t-r+-+-++--+4~!-+-+++++-+.-l-H+l-+H~~~-+-H-:+++++.+-1+~t-1++++1-UJ--+--l-+++W-1r.,,,A 
.'.i-:.·--·· -- 1--1----~ -·- -L...i.l..~ 
-i-:-~ I. 1-t.,. -r--r-t-+-+-t-'--1-+--l-l-+-+-l-~-V-++-t++t++-H-H+-+-.j.-j-+-+-+-J-++++-~~++++li-++i~·~f:J--+·-1-.J...++l----1 
.~ .-· --· 
. L. 
~ -~·,....L-~-;--..: --·'- -!-:-- i--:-.L-" _.__ 0 
)-------1....:1.....J...:,.;..J.....J.....l...J...!....1....W....W...J....LJ..J...w.Jl..l....l..J...Ul..-l....J-J...J..:.WU...U...!..J...LI...J....l.J;.LJ...LJL.U.l.il-..J-...LJL..W..il......l ~ 
0 '· ·- 0 \ 0. . .o 0 0 0 ... o 8 ~ 
,....., N ~·M ~ ll) ,.--0 ··: ~ ~'.- . 
:~:)NV'9~0SSV ·,·. 
1-.. 
I~ 
0 
0 
ll) 
----- -~ /\ 
I 
---=l 
0 o .. 
ll) 
N 
: .-. ;>-. 
u z 
w 
::>' c· w. 
0:: : u. •. 
o· 
0 o. 
C"')' 
0 
0 
ll) 
C"')' 
.. · 
z 
:::£ ex 
w 
c, 
w 
I- 
<( 
0 
0 
w 
w 
c, 
I/), 
z -c 
u 
II) 
!::: 
.....J 
II) 
w 
u z 
w 
0:: 
w 
u, 
w 
0:: 
o z :r: I- 
<( 
c, ~- 
ex: 
::> 
u 
0 z 
0 
u 
..... ..... 
w 
u 
• .. · 
\ .· 
1- z w > ..... 
0 
II) 
z 
t'.) 
0:: 
0 
"-- I I 
>- u z w . ~ => 
o';2 
'°' o· ~
-.;;t. 
J_ __ 
I ! 
···-l I 
Jr I 
I 
0 
0 o· .-- 
·.~· 
I· 11 0 
0 
N 
I 
·. 
.J. .-- 
. 
·.-- 
'•' 
0 
0 
co .-- 
.. 
.. 
•. Y . I' 
o· 
,,,,(...-·1 .. ': 
.>\.. 
' ~ ~·; 
·-o 
~· . 
"""""""'-••:I\. l,..,\i"-r"r'C\_I 
0 
0 
co 
-i • 
., 
'<:~ 
°' 0
f- -c °' UJ UJ l- a. <( 0 0 
a w w a. 
(/) 
z 
. <( 1- u :::; 
(/) (/) 
o z 
w 
u z 
w 
°' wu, 
w 
°' 
:x: 
I- 
<( 0 a. 
z 
0 u 
w > 
°' ::::>v 
..... ..... 
w u 
•. >- 
.... 
z 
o 
°' 0 
l 
1- z w > ..... 
0 v» 
w ..... 
c, 
::E 
<( 
(/) . 
-17- 
Discussion of Hofmann Degradat~on of Trifluoroacetamide 
The synthesis as originally laid out called for 
the Hofmann degradation of trifluoro acetamide to tri- 
fluoromethylamine. The literature provides only one prece- 
dent for this reaction. Trichloro acetamide had been sue- 
cessfully degraded to trichloromethylamine (2). The yield 
in that instance was, however, on the order of 10%. It 
is evident from what is known of the Hofmann reaction 
mechanism that a halogen substituted methyl should have a 
low migratory aptitude. The mechanism of this reaction 
is still not completely understood •. The reaction begins 
with the bromination of the amide with sodium hydrobromite: 
CH3§~H2 
Acetamide 
NaOBr 
~ 
step (1) 
OH3gffBr 
bromacetamide 
In one possible mechanism, the bromanion departs 
.J leaving an intermediate nitrene. 
0 
OH3CNBr 
-Br- -7 
step (2) 
(3) 
This intermediate (3) does not possess a-full octet 
of electrons and is described as electron deficient. When 
halogens are substituted for hydrogens on the alpha carbon, 
this places highly electronegative centers near to the elec- 
-18- 
tron deficient nitrogen in the expected intermediate III. 
The tendency of the electron deficient nitrogen to aquire 
a Lewis structure is the driving force of the rearrange- 
ment to the isocyanate. 
?>' 
step (3) 
Acylnitrene Methyl isocyanate 
Halogens impede the reaction by (a) interfering with the 
formation of (III) and (b) interfering with step (3) be- 
cause the rate of that step is a function of the electron 
donating ability of the alkyl group (3). 
There is still some question as to whether or not the 
intermediate nitrene (III) is actually formed (4), (5) 
and (6). It is possible that the mechanism is completely 
c·mcerted and that rearrangement occurs simultaneously 
with the ~epartur~ of the bromanion, never actually forming 
intermediate (III) as a distinct entity. 
IV 
If the concerted process were the actual mechanism, 
then the reaction rate would be inhibited again because the 
tendency to rearrange is a direct function of the electron 
-19- 
donating ability of the alkyl group. Step (l) the forma- 
tion of the bromanion is definitely not rate determining since 
the electron attracting ability of the halogens would sta- 
bilize. this compound and thus favor its rate of formation. 
Another consideration is the ponderal effect. Rearrangements 
are inhibited with respect to the mass of the re~rranging 
alkyl group. Chlorines, having greater mass than flourines, 
would be expected to inhibit the rearrangement in this reac- 
tion far more than flourines (at least in so far as the pon- 
deral effect is significant). Thus we would expect triflouro- 
acetamide to rearrange more easily than trichloroacetamide. 
Our results to the contrary would tend to weight the electri- 
cal effect over the ponderal effect in degree of importance. 
Solvent is also a consideration in the Hofmann de- 
gradation. Though the reaction is most commonly run in water, 
methanol too has been used (7). In choosing a solvent it was 
decided .that. water would be the most likely choice but 
.J 
methanol and others were worthy of consideration. The 
basis of the question lies in two facets of the nitrene 
intermediate (III). A polar solvent would solvate the 
nitrene more than a lesser dipole (though solvation is 
limited in importance because the species is not ionic) 
and this would tend to stabilize the intermediate (III). 
Conversely, a part of the electron attraction of the halogens 
-20- 
is through the solvent (though most is through the carbonyl) 
which would indicate the favorability of a less polar 
solvent. It was decided to use methanol as a reference 
so that some basis for evaluating the advisability of 
water was provided • 
.J 
\ 
-21- 
B, Hofmann Degradation; Laboratory Preparation 
The apparatus for the Hofmann reaction was designed 
with two purposes; first to accurately measure the yield 
of the reaction, and second to provide a simple basis for the 
next reaction in the sequence. A dry ice trap for the 
trifluoromethylamine product was consiQered, but rejected 
in favor of a Kjeldahl apparatus. In this quantitative 
proceedure, the reaction flask is connected by ground-giaas, 
wide tubing and rubber sleeves to a reservoir of standard 
acid (quantitatively measureed). The base produced in 
the reaction is trapped in the standard acid, then the excess 
acid is titrated with standard base. ~he original milli- 
equivalents of acid minus the milliequivalenta of standard 
base is equal to the milliequivalenta of base produced in 
the reaction. This is most simply expressed as a percent 
of the amide reactant. Excess base is added followed by 
benzene sulfonyl chloride to produce a derivative of the amine. 
Hofmann Degradation l Solvent 3 mla. tt2o 
Reactants Volume weight moles M.W. 
0 
II CF3CNH2 1.13 gms, 0.01 113 
Bromine • 52 mls • 0.01 79 
Potassium hydro~ide 1.60 gms. 0.01 56 
-22- 
No yield of base was calculated in this first reaction 
duet~ difficulty with the titration indicator. The 
excess Hinsberg reagent (originally added in a molar ratio 
equal to the theoretical yield of amine, then in excess) 
took ~our days to hydrolyze with intermittent 'heating. 
After evaporation a solid settled out of the mixture 
which was identified as inoreanic salt by its solubility 
and melting point of over 300 °c. 
In the second run, the amount of solvent was increased 
to insure the maintanence of the reactants in a liquid 
medium. 
Hofmann Degradation 11 Solvent 6 mls. H2o 
Reactants weight Volume Moles M.W. 
0 
II 
CF3CNH2 1.13 gms. 0.01 113 
- - .......... 
Bromine 0.52 0.01 79 
Potassium hydroxide 1.6 gmse 0.01 56 
Yield of base 6.90 % 
I. 
Though the yield of base seemed encouraging in this reaction, 
the addition of benzene sulfonyl chloride indicated an 
abscence of primary amine in the product. 'J.' he yield of 
-23- 
base may have been the result of fractional hydrolysis 
of the amide, by potassium hydroxide. The discouraging 
~ 
results of ·the first two reactions lead to the use of 
methanol as the solvent. The volume of methanol used 
was in between the volumes of water that had been used. 
Hofmann degradation 111 5 mls. methanol 
Reactants weigh:t Y:olume Moles ;M.w. 
Q 
CF3CNH2 l.ls gms. 0.01 113 
- . - - . Bromine 0.52 0.01 79 
Potassium 1.60 0.01 56 hydroxide 
Yield of base 7.2% 
Since the Hinaberg reagent again indicated the abscence of 
amine in the product, it was deauced that if a derivative 
was formed it was soluble in the large volume. The mixture 
of five milliliters of water with bromine and potassium 
hydroxide yielded 0.14 milliequivalents of base. This 
blank served to demonstrated that the amount of base 
coming over into the acid as a result of boiling potassium. 
hydroxide (the reaction temperature ia 75-8o0c.) was 
minimal. A final attempt at the ~eaction, this_ time re- 
fluxing the solvent in a water condenser yielded only 
8.5% base which would more likeiy be the result of further 
hydrolysis of the amide than any production of primary amine. 
-24- 
Discussion of Other Byntheses 
After the Hofmann degradation was abandoned, several 
other approaches to the synthesis were considered. One 
of the first of these was based upon the discovery in the 
literature (8) of the compound N-tr1fl~oromethyl perfluoro- 
azoxetidine. 
If reduction of this compound were possible, ~hen a 
substituted,amine appropriate to the purposes of this 
pr.ojeot could result• 
trifluoromethyl 
1,1,2,2-tetrafluoro 
2-hydroxyethyl amine 
This resulting secondary amine could then be inserted in 
the synthesis to produce a fluorinated acetyl.choline 
trifluoromethyldmmethyl-1,1,2,2-tetrafluorethylacetoxyammonium 
hydroxide. 
-25- 
There is, ofcourse, another problem to consider. The 
creation of a quartenary ammonium salt means the creation 
of a positively charged nitrogen. Extra Fluorines 
adjacent to that nitrogen, while they amy serve to make. 
the projected ~n:•ofucrt more h:'· ,,-., ;(.ing, are inhibitory to 
the formet.J.on of the ammonium salt itself. An example 
of this is another compound noticed in the literature: 
CF -N-CF3 
3 CF3 
This compound is apparently neutral. Any substitution of 
an electron attracting group alpha to an amine must 
necessarily reduce the basicity of that amine. This is, 
in effect, the central problem of the synthesis: To produce 
a quartenary ammonium salt with alpha fluorines (ie to find 
a medium situation between the product.with such a strong 
charge that its formation is impossible and one which forms 
easily but is of }ittle physiological interest). 
A possible means of shortening the synthesis was 
considered in connection with the available compound 
2-bromoethyl acetate. This compound also, however, proved 
to present formidable problems. A qualitative experiment 
showed Dhat ammonia or methylamine would hydrolyze the 
ester linkage in the compound more rapidly than it would 
" attack the carbon containing bromine. A possibility yet 
-26- 
that if the appropriate tertiary amine could be synthesized, 
this bas~ would not be strong enoug~ to hydrolyze the 
ester linkage but could attack the carbon containing 
briom1ne. In th.1e oa.ee the following reaction is proposed: 
Q 
BrCH2cH2-o-~cH3 -~ 
2-bromoethyl acetate TRifluoromethylamine 
A compound available commercially from the Moudry 
Process and Chemical Company was trifluoromethyl iodide; 
CF3I. Here speculation centered on whether or not the iodine 
was reactive, and a correspondance was made with the director 
J 
) F-c=::N -- 2HF 
of research for the Houdry company to· find out. His answer 
seemed tm indicate that the iodine was reactive; but stated 
that the compound trifluormethylamine was not stable since 
it would split out HF and produce a nitrile. 
In support of this he cited Simmons book on the subject 
of fluorine chemistrye Simmons (9) was less definite, 
however, than the letter would have 1ns;li1C.at.ed. He stated 
that the splitting out of HF is what is expected to happen. 
Furthermore, the cont entd on is in contradiction of the 
laboratory preparation of triuhloromethylamine (2). 
-27- 
Apparently the multiplicity of three halogens on methyl 
groups of methylamine makes the compound more stable than 
a dihalomethylamine and this is the root of the misunderstanding. 
It must be realized that the reaction of CF3r with 
ammonia or amine, will entail the reaction of a gas with 
a gas. This is very difficult without a sealed system. 
For this reason the experiment was not attempted, other 
possibilities were considered preferable. Though the 
compound CF3r can be purchased, a fairly simple preparation 
for it is available in the literature (10). 
Another approach to th~ synthesis of trifluoromethylamine 
would be the Beckman rearrangement. The appropriate ketoxime 
could be formed with hexafluoro acetone and hydroxylamine: 
g OH :tI OH I -, II CF3-C-CF3 -l- NH2 CF3-C-CF3 
Then the Beckman rearrangement: 
and hydrolysis: 
The problems here, however, would be similar to those faced 
in the Hofmann degradatiqn. This intermediate would involve 
a positive charge adjacent to a strong electron-attracting 
\ 
group, 
~OH t 1~7 - J ~ N-OH2 CF 3"-c_:N: II CF3-C-CF3 7 CF3=~-CF3 CF/ V - 3 
and would not therefore be likely to proceed to any 
significant yield. 
Another approach considered was to use the 2-bromoethyl 
acetate in a Gabriel synthesis, which would alleviate 
the problem of hydrolyzing the ester, b.afobeoibhecbrom~:b.e .reacts. 
The Gabriel synthesis (most often used in the production 
of amino acids) involves the reaction of an alkyl halide· 
with potassium pthalimide to produce an amine. The 
specific reaction would be: 
-) 
The problem here would be the freeing of the amine by 
a reaction with hydrazine: 
Hydrazine could conceivably cleave the ester. The 
success of the reaction would depend on the relative rates 
(ie ester cleavage to amine release) of the reactions. 
Since the synthesis of compound II was_ proving so 
difficult a different acetyl choline was considered. 
\ 
-29- 
VI 
2,2,2-trifluoroethyldimethylacetoxyethyl ammonium hydroxide 
In this compound the problem of the alpha halogens is 
circumvented by an insertion of a methylene group. Thia 
compound would not be as interesting as compound II, but 
nonetheless of some value. Approaches to its synthesis are 
two: (1) Reduction of N-methyl trifluoroacetamide to 
2,2,2-j;rifluoroethylamine.~and (2) the reaction of 
2,2,2-trifluoroethyl iodide with an amine to produce a 
secondary or tertiary amine 
-30- 
c. Laboratory Preparation of N-methyl trifluoro acetamide 
The proctuotion of N-metnyl t~1tluoro aoetamide 
is essentially the same synthesis as that of trifluoro 
acetamide (see page eight). In this case,however, methylam1ne 
is reacted instead of ammonia. From here the synthesis 
would involve reduction of the carbonyl with LiAlH4 but 
the experiment did not reach that stage. 
Production of N-methyl trifluorci acetamide 
Reactants Volume weight Moles. 
15 mls. 0.03 
methyl amine EXCESS 
yield; 6.4 gms. M.P. 35°0. 
~ 
\ 
\ 
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Discussion of Preferred Approach 
The most common preparation for the reaction of an 
alkyl halide and an amine is to dissolve the reactants. 
in methanol and allow-them to react at room temperature (11). 
The volaility of the reactants and the possible volaility 
I. . 
of the product seemed to preclude the preparation·in methanol 
however. The basic reaction: 
-/ 
CH3 
CH3~dA2_0F3 .HI 
This would be slow and without a condenser, one could 
expect to lose the bulk of the reactant before the~ had a 
chance to react. The solution to this seemed to be 
a condenser of either liquid nitrogen or dry ice. 
Experience with the liquid nitrogen showed this to be 
impractical in thqt nitrogem boiled out of the condenser 
.J too quickly. Methylamine was successfully refluxed in 
the condenser (a moist pieca of pH paper is suff~cient 
to test whether or not amine is coming out of the condenser) 
afte~ a half an hours preparation of the condenser with 
dry ice and acetone. 
Dimethylamine is a preferable reactant vecause a 
mixture of products would be avoided, starting with a secondary 
amine. As for the solvent, the preferable choice is Xylene 
\ 
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because its boiling point is above that expected for the 
product~, so distillation would be fairly simple. The 
amine could freed from the hydroiodide with base. If 
methylamine is used, it must be expected that for each 
mole of HI produced, an. extra mole of base is needed to 
tie it up before another mole of alkyl halide can 
react with the substituted amine(l2). 
-33- 
Summary 
What has been accomplished in this research has been 
to examine and aquire a feel for the plausibility of 
certain approaches to the problem and to set up the basic 
approaches to be followed. The Hofmann reaction is appar- 
ently not a plausible approacg, nor is the Beckman rearrange- 
ment, but the others as outlined are conceivable. The 
problem remains to finish the work on compound Vl and to 
f'urther investigate compound II. 
In the laboratory, a highly workab~e method for 
producing amide was devised and this would favor the 
LiAlH4 reduction method since its first step is already 
a success. ,A:nother important method, of proving the 
synthesis'· feasability would be the preparation of a 
chlorinated instead of a fluorinated acetyl choline 
. J through the preparation of trichloromethyl amine as 
outlined in the literature (2). This would also confirm 
the findings of the work done on trichloromethylamina. 
Of the other approaches,, the Gabriel synthesis and 
the alkyl halide approach are still possibilities. 
The main point is to produce an acetyl choline with 
alpha halogens of anv kind for the simple purpose of 
proving it can be done. 
\ 
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